Ascites and acquired portosystemic shunts were consistent findings in six dogs with a chronic hepatitis of unusual morphology and unknown etiology. The hepatitis was characterized by a mixed inflammatory infiltrate and dissection of the lobular parenchyma by reticulin and fine collagen fibers. While limiting plates were disrupted by this process, portal inflammation was inconstant and seldom marked. Biopsy samples generally had very small, sublobular regenerative nodules, but larger nodules sometimes were present postmortem. Dilated vascular channels, representing sinusoids and portal venous radicles were a prominent feature of most affected livers.
Portosystemic shunts in the dog may be congenital [8] or acquired. Acquired shunts develop as the result of portal hypertension. They consist of multiple, frequently tortuous, anastomotic vessels which represent the opening up of preexistent portosystemic collaterals [23, 24] . The obstruction to blood flow responsible for the portal hypertension may be extrahepatic or intrahepatic. Acquired shunts resulting from intrahepatic portal hypertension have been described in dogs with chronic hepatitis/ hepatic fibrosis [5, 6, 10] and overt cirrhosis [5, 10, 21, 24] . Affected dogs ranged in age from nine months to 15 years.
Chronic hepatitis is an etiologically diverse and morphologically variable condition which has been documented extensively in man. By contrast there are few descriptions of chronic hepatitis in the dog, and aggressive forms have been recognized only recently [3, 6, 13, 17] . Portosystemic shunts have not been a common feature of the reports.
Over the last five years we have recognized an unusual and histologically distinctive chronic hepatitis in six dogs with acquired portosystemic shunts.
Case Reports
As indicated in table I, three unrelated standard poodles were included. Males and females were represented in equal numbers, although all standard poodles were male. Ages at initial presentation ranged from seven months to five years. The common presenting sign was ascites of three to eight weeks duration. In addition, the dogs were inappetant (refusing, particularly, foods high in protein) and some were polydipsic. Laboratory evidence of hepatic dysfunction was apparent in all dogs. Total serum protein and albumin levels were low consistently, although in only one dog was the serum albumin less than 20 gil. Globulin levels spanned the normal range. Serum alanine aminotransferase activities in five dogs ranged from the upper limits of normal to approximately twice normal; in dog 6 the activity was five times normal. Serum alkaline phosphatase activities ranged from normal to moderately increased. Sulfabromophthalein retention at 30 minutes was greater than 23% in all dogs (N = < 5%). Blood urea concentrations were low. Blood ammonia concentrations, estimated four months to two days before euthanasia in dogs 2, 3, 4, and 5, ranged from 1.5 to six times control values. Hematological values were unremarkable. Serological examination for antibodies to a variety of leptospiral serotypes was negative in three dogs; no sera from the remaining dogs were examined. Laboratory examination of the ascitic fluid in two dogs revealed a clear transudate (specific gravity 1.01),low in protein and cells. All dogs underwent laparotomy for mesenteric venography, which revealed a number of tortuous anastomoses between the portal system and the posterior vena cava and a reduction in hepatic perfusion (fig. I). A wedge biopsy was removed from the margin of a liver lobe at laparotomy in five dogs. The remaining dog (dog 2) was killed immediately after surgery and presented for postmortem examination. The remaining five dogs were killed four days to five months after biopsy because of a deterioration in clinical condition and/or signs of hepatic encephalopathy. The bodies of two of these dogs were unavailable for postmortem examination.
Tissues collected by biopsy or at postmortem were fixed in formalin, processed routinely and embedded in paraffin, and 6-f1m sections were stained with hematoxylin and eosin (HE) . Additional liver sections were stained by Gordon and Sweet's method for reticulin, van Gieson's method for connective tissue combined with Humberstone's modification of Weigert's method for elastin, and Pearls' Prussian blue for iron. Frozen sections of fixed liver were stained with Oil red 0 to demonstrate neutral fat.
Hepatic copper concentrations in postmortem liver samples from dogs 2, 3. and 5 were determined by atomic absorption spectrophotometry [2] .
Results
The livers from the six dogs varied in macroscopic appearance. According to the surgical reports the five biopsied livers ranged in size from "slightly swollen" (dog 5) to "shrunken" (dog 1). The liver of dog 1 appeared nodular; others were normal in shape with patchy granularity of the capsular surface. The parenchyma was red or tan.
The principal macroscopic features of the four livers examined postmortem are given in table II. The livers ranged in weight from 0.45% to 3.6% of body weight [14] ). Parenchymal nodules, present in three livers, ranged from I mm to 5 em in diameter. Gall bladders were macroscopically normal and bile ducts were patent in all dogs. Abnormalities in the portal venous system were evident at gross postmortem examination. The portal vein was dilated and numerous distended, tortuous, anastomotic vessels were present, particularly in the dorsal mesentery and omental veil. Communications could be identified readily between splenic and intestinal tributaries of the portal vein and the left phrenicoabdominal, renal, and gonadal veins. Prominent veins also were present on the serosal surface of the distal esophagus, linking gastric tributaries of the portal vein with esophageal tributaries of the azygous. The spleen was enlarged only in dog 2.
Histological changes were similar in all livers although the extent and severity of the changes varied between biopsy and postmortem samples and between sites within individual livers.
The most striking feature in biopsy samples was the disruption of normal lobular architecture. Fine collagen and reticulin fibers subdivided the lobular parenchyma into single hepatocytes and small groups of cells ( fig. 2 ). Disruption of the limiting plate of hepatocytes frequently was apparent, but there was little or no increase in portal connective tissue.
Collections of inflammatory cells, composed of neutrophils, lymphocytes, macrophages, and an occasional plasma cell, were in the sinusoids, infiltrating hepatocyte clusters, and in some portal tracts ( fig. 3, 4) . The portal infiltrates generally were scanty.
Various changes were seen in hepatocytes ( fig. 4 ). Some appeared swollen and pale staining and some had irregular clearing of the cytoplasm. The cytoplasm was eosinophilic and granular in others. Droplets of neutral lipid were present in some cells, but fatty change was not marked. All livers contained occasional necrotic hepatocytes. Mitoses were rare, but there was moderate anisokaryosis, and binucleate cells and hepatocyte rosettes were common. Very small regenerative nodules were present in some lobules.
Vascular changes were prominent in most livers. Portal venous radicles were dilated, and there was intralobular pooling of blood in dilated, irregular, sinusoidal channels ( fig. 5 ). Central veins were inconspicuous in many lobules. In others, centrilobular sinusoids were distended and the central vein could be distinguished only by its van Gieson-positive rim. There was no morphological evidence of hepatic venous outflow obstruction. Hepatic lymphatics were dilated.
Other hepatic changes included mild periportal canalicular cholestasis and a low level of bile duct proliferation. Siderosis was not severe.
Two livers had more severe and advanced changes. In dog 2, fibrosis was more extensive and linked adjacent portal tracts as well as dissecting and extensively replacing the lobular parenchyma. Bile duct proliferation was more pronounced than in the biopsy sections. The inflammatory component varied; moderate numbers of mixed inflammatory cells were present in areas of fibrosis while large regenerative nodules in adjacent areas were infiltrated scantily. There was patchy, marked fatty change.
An interval of four months separated biopsy and necropsy samples from dog 3. Differences between the liver sections included an overall increase in fibrous tissue and the presence of a few large regenerative nodules. The inflammatory component did not vary and fibrosis remained panlobular.
In dogs 5 and 6, killed within a week of biopsy, liver sections revealed severe widespread changes similar to those described for the biopsies.
Liver copper levels in dogs 2, 3, and 5 were within normal limits.
Discussion
In six dogs with ascites and secondary portocaval shunts, the lesion apparently responsible for the alteration in portal hemodynamics was a chronic hepatitis. The pattern of liver changes was unusual. In man several morphological categories of chronic hepatitis have been defined [17] . These include chronic lobular hepatitis, chronic persistent hepatitis, and chronic active hepatitis, with or without bridging necrosis. In chronic lobular hepatitis, the histological picture is dominated by spotty necrosis and the intralobular infiltration of inflammatory cells. While the lesion is chronic, it rarely becomes any more severe. In chronic persistent hepatitis, the variable infiltrates of predominantly mononuclear inflammatory cells virtually are confined to the portal tracts. Lobular architecture is not disrupted. Chronic active hepatitis is the term given to a progressive form of hepatocellular disease of diverse etiology. The causes are difficult to establish histologically but known etiological factors in man include hepatitis B virus, copper toxicity in Wilson's disease, alcohol, and certain drugs. Essential histological features include portal and periportal accumulations of predominantly mononuclear inflammatory cells and piecemeal necrotic loss of the limiting plate of hepatocytes with extension of fibrous septa into the lobular parenchyma. Degenerative hepatocyte changes and regenerative liver cell rosettes are common. Bridging necrosis sometimes is combined with piecemeal necrosis to produce a more severe and rapidly progressive compound lesion in which broad and narrow fibrous septa dissect the lobules and the inflammatory infiltrate is generalized.
None ofthese categories adequately describes the canine liver changes. In terms of apparent progression, the canine lesions most closely resemble chronic active hepatitis but they do not show the prominent portal and periportal mononuclear inflammation characteristic of that condition, nor do they display the bridging necrosis seen in the more severe reactions within this category. Thus while the canine lesions are undoubtedly chronic and active, it would seem unwise to label the disorder chronic active hepatitis because of the histomorphological connotations now inherent in that term through its application in human pathology. A more appropriate morphological designation might be "lobular dissecting hepatitis."
The vascular component of the canine lesions also is unusual morphologically. The inconspicuous character of the centrilobular radicles of the hepatic veins resembles the changes seen in human alcoholic sclerosing hyaline necrosis [7] , but the sinusoidal distension and portal vein dilatation are not seen in that disease in man. No evidence of organized venous thrombosis, as seen in Jamaican venoocclusive disease [4] , irradiation [25] , or the chronic phase of the Budd-Chiari syndrome, was found. Similarly the centrilobular venous distention of acute circulatory failure or the early phase of Budd-Chiari congestion was lacking. The prominence of the portal venous radicles is reminiscent of human idiopathic noncirrhotic portal hypertension [26] , but the inflammatory and centrilobular changes clearly distinguished the condition.
The sublobular regeneration bears some resemblance to human nodular regenerative hyperplasia, which may occur in the systemic disorders-rheumatoid arthritis and Felty's syndrome [12] , or in primarily vascular disorders such as chronic venous congestion [18] . It probably reflects liver cell replacement in our dogs. Whether the hepato-cellular necrosis in the dogs is caused by inflammation, an unknown toxin, or a vascular insufficiency is not clear.
There are similarities between the liver lesions in our six dogs and the changes seen in a two-year-old cocker spaniel bitch which was presented with anorexia and ascites [20] . Hepatic biopsy in that dog revealed a chronic hepatitis characterized by a mixed inflammatory infiltrate, intralobular fibrosis with sequestration of hepatocytes, occasional hepatocyte necrosis and mild canalicular cholestasis. The authors likened the case to chronic active hepatitis in man despite the fact that the reaction was predominantly lobular and that "fibrosis was not extensive adjacent to portal triads." The cause was not established. Subsequently a series of 11 cases of chronic hepatic disease in the dog was published under the title 'chronic active hepatitis' [19] . The paper is clinically orientated and histological descriptions of the dogs are sketchy. Microscopic liver changes include piecemeal necrosis and intralobular inflammation, but it is difficult to assess how closely they correspond either to chronic active hepatitis in man or to the lesions in our dogs. The major presenting signs in the II cases were anorexia and depression. Six of the 11 were jaundiced but only four were ascitic. Jaundice was the major presenting sign in another dog with liver lesions described as chronic active hepatitis (13] . Of 14 dogs with liver lesions histologically resembling those of chronic active hepatitis in man, four were ascitic and three had acquired portosystemic shunts [6] . No dogs described in these reports had both ascites and secondary portosystemic shunting as did our dogs, nor do any reports allude to the presence of abnormally distended sinusoidal clusters in the diseased parenchyma.
No etiology of the hepatitis was identified in any of our dogs and while the six dogs seem to comprise a single morphological entity this may be the common outcome of damage caused by a variety of agents. Etiological and pathogenetic factors in chronic canine hepatic disease are not well understood. Experimental studies with canine adenovirus-I (infectious canine hepatitis virus) suggest that infection of dogs with suboptimal immunity may result in a lesion akin to chronic persistent hepatitis in man [9] . It is not known whether a similar situation occurs naturally. Leptospira grippotyphosa was implicated as the cause of liver changes resembling human chronic active hepatitis in five kennelmate foxhounds [3] , and a genetic defect in some Bedlington terriers resulted in the excessive accumulation of copper in the liver leading ultimately to chronic active hepatitis and cirrhosis [II, 22] . In chronic aflatoxin poisoning the liver shows fatty change, centrilobular necrosis, and biliary proliferation, and in time becomes cirrhotic [15] . However, no etiological agent has been reported to cause changes resembling those described here.
In view of the young age at presentation of most of our dogs, the possibility that the porto systemic shunts were congenital had to be considered. Five categories of congenital shunt have been described in the dog [8] . Of these, only one anomaly, namely portal vein hypoplasia or atresia, results in a mesenteric venogram similar to that seen in our dogs. Surgical and/or postmortem examination confirmed the presence of a normal portal vein in all our dogs. In addition, the hepatic lesions were not consistent with a congenital shunt. Microscopic liver changes in dogs with uncomplicated congenital portosystemic shunts are similar whatever the nature of the shunt. Lobular architecture is essentially normal. Hepatocytes appear granular or vacuolated and commonly there are multifocal areas of severe fatty change with associated hepatocyte necrosis ("fatty cysts"). Inflammatory changes are mild or absent [I, 10, 16 ]. There seems little doubt, therefore, that the vascular shunts in our dogs were a secondary phenomenon resulting from interference with normal blood flow through the liver, and that the primary problem was a chronic inflammatory lesion of unusual morphology-a lobular dissecting hepatitis.
